Retroactive interference (RI) in list learning occurs when the learning of a second list of words interferes with the recall of the first learned list. Having the lists be thematically different can reduce retroactive interference within list learning; however, this study demonstrates how RI can be reduced when the lists contain similar words. Words can be organized by way of encoding (verbally and visually). Interference occurs when two lists are encoded the same way; therefore, encoding two lists in different ways reduces RI. Ninety-three participants were randomly assigned to 1 of 6 conditions. Participants who encoded one list visually and one list verbally retained more words on final recall from list one, than participants who encoded both list the same way. Two control conditions were used to assess highest recall. The results demonstrated that RI can be reduced when two lists are encoded in different ways. A second experiment using modified methods was also conducted with similar results.
Introduction
Forgetting learned information or past experiences, like what you had for dinner last week, is a common experience for most people. Within the fields of psychology and education memory and forgetting have been well researched. The common overarching theme that aligns with common sense is that humans posses an innate ability to cognitively retain information, but at the same time we can forget information. An argument/question from a cognition perspective is do humans completely lose the information or is it obtainable but we just have problems retrieving it and are there ways to make information retrieval easier? From an educational perspective a significant questions educators wrestle with is how to present material to students' that best facilitates their learning?
by the researcher and when all items have been read aloud the participants are asked to recall as many words as they can. The researcher then reads list B and at the end of the list the participants are asked to recall as many words as they can. After this has been completed the researcher instructs the participants to write down as many items that they can remember from list A. The number recalled from List A after the second time around is much smaller when the group has also been asked to learn list B. When the experimental condition is the reading and recall of list A sans list B, the recall rate of list A is much higher (Marsh, Landau, & Hicks, 1996) . The reason underlying RI has long been debated within the literature. According to Chandler (1989 Chandler ( , 1993 ) the memory trace from list A has been altered by incoming information, therefore RI occurs because of a loss of retention. On the other hand Bower et al. (1994) argued that RI is simply an overload during recall, not a loss of retention. If Bower and his colleagues (1992, 1994) are correct then an assumption that reducing the overload during recall can decrease RI can be made.
Ongoing research has involved reducing RI by informing the participants that list B's words are different in some way than list A's words. Bower and Mann (1992) were able to reduced RI when list B was composed of a non-obvious feature that did not accompany list A. When the participants knew this distinction they were able to recall about the same number of words from list A during the final recall trial. This finding sparked further research investigating other kinds of post information cues that would also reduce RI (Marsh et al., 1996) . Marsh and his colleagues informed participants that the second list of words were part of a song or part of a children's nursery rhyme. This strategy was found to reduced RI. These studies reduce RI by cuing participants of differences between the two lists.
Memory and Student Learning Within Educational Settings
Retroactive interference is often studied through list learning exercises but has also been examined in educational settings (Fraser, Ma, Teteris, Lee, Wright, & McLaughlin, 2012) . Fraser and her colleagues specifically demonstrated RI with medical students training on different cardiac murmurs. Oftentimes educational researchers discuss retrieval and forgetting in terms of working memory capacity (Graf, Lin, & Kinshuk, 2008; Alloway, 2006; Rassaian, 2001) , student learning style (Kazu, 2009; Kamuche, 2005) , and differentiated teaching style (Brock &Joglekar, 2011; Coller & Shernoff, 2009; Michel, Cater, & Varela, 2009 ).
Working Memory as Capacity
Working memory is the storing and manipulation of new information (Baddeley & Hitch (1974) . Research has demonstrated that in order to not forget this new information in working memory it needs to be transferred to long term memory. This transfer can be done through the use of exploratory thinking and metacognitive strategies like self quizzing (Karpicke, Butler, &Roediger, 2009 and Rassaian, 2001 ).
Educational researchers have investigated forgetting or non-learning as a problem with working memory capacity. For example, students with low working memory capacity may struggle to learn foundational knowledge that intern inhibits their learning of more complex material (Alloway, 2006) . Additionally, Graf, Lin, and Kinshuk (2008) have argued that students with low working memory capacity are not necessarily low achievers; they just have a different learning style which tends to be more towards active and visual learning.
Student Learning Style
Student learning style appears to be moderated by working memory capacity but other variables may also affect learning style. Kazu (2009) explained that students learn differently due to many different cognitive learning processes, therefore Kazu asserts that all students should be accurately assessed in order to provide an adequate mode of teaching. Kamuche (2005) described that learning style is important but teaching style is equally important. For example, students performed better on a statistics test when their learning style was matched to a similar teaching style compared to unmatched students and teachers (Kamuche, 2005) . Assessing learning style and matching to a comparable teaching style may facilitate learning, but in large-scale educational environments like public school classrooms it becomes increasingly difficult to achieve. The alternative to spending valuable time and resources assessing every student is to deliver teaching using diverse methods that may span across a larger gradient of student learning styles.
Differentiated Teaching Styles
Recent efforts to address a wide range of student learning styles have focus on the notion of differentiated instruction. This approach to teaching advocates active planning for and attention to student differences in classrooms, in the context of high quality curriculums. Michel, Cater, & Varela (2009) found that teaching courses solely through activities and exercises produced learning outcomes (test scores) that were not significantly different than scores from students who where in lecture only courses. Therefore, differentiated instruction can be characterized as a deliberate act of modifying instruction or an assignment in order to customize the effect to match the particular developmental level and skills of a student or group of students. The ideal is to provide equivalent learning activities that cater to the students' strengths but bring all of the students to the same learning objective. On one end of the spectrum is the one-size-fits-all learning activity; while on the other end is the completely individualized learning plan for each student. Differentiating the teaching instruction within a course can have profound effects on learning outcomes and student engagement (Coller & Shernoff, 2009) .Even when teaching only through lecture, adding visual elements (pictures, videos, tables, and other graphics) effectively compliments instructional practice (Brock & Joglekar, 2011) . Learning through different methods holds the potential to impact retention.
Purpose and Hypotheses
Is cuing the participants always necessary for reducing RI? Within the introduction section of this manuscript, the idea that information can be learned in different ways became apparent. Specifically related to RI, it is logical that encoding list A verbally by repeating it to yourself and then encoding list B visually; for instance picturing the word in your mind will reduce RI when recalling list A during the final recall trial. The same effect is also plausible when list A is visually encoded and list B is verbally encoded. More words will be retained from list A when the two lists are encoded in different ways rather than when encoding both lists verbally or both lists visually. The two lists can have similar types of words but after encoding they will be categorized differently. Encoding two similar lists, each in different ways will lead to less RI compared to encoding the two lists the same way.
It is hypothesized in this investigation that encoding two lists in different ways reduces retroactive interference. A possible confound to experiment one was that the 'visual' information was presented by the researcher reading the words and having the participants picture the word in a way that stands out to them. This does mix visual with verbal because the researcher said the words aloud. Experiment two attempted to alleviate the possible confound from study one by having the researcher present the 'visual' words by showing pictures of the words to the participants rather than announcing the words.
Methods

Experiment One
1) Participants
The participants included 93 Introductory to Psychology students who received credit for their participation. The participants were randomly organized in groups ranging from one to six, evenly spread out in the room, so they could not communicate with each other. The variability in group size was due to participant no shows. The mean age of the participants was 22 and 53% of the sample identified as being male.
2) Procedure
The small groups of participants were randomly assigned to one of six conditions. A brief demographics form and a manila envelope were distributed to each participant.The participants were instructed to put the demographic form in the envelope when they were done, but were instructed to leave it open because more paperwork was going to be added to it later. Each participant received a piece of lined paper that was labeled with the number one at the bottom right of the page. This procedure along with the word lists stayed constant for each condition. Appendix A contains list A (the list of interest) and list B (the interference list). The lists consisted of 16 words that were spoken at an even pace by the researcher. An even pace was four seconds between each word and the entire list took a little over a minute to read. The word lists were the same for each condition. Each of the six conditions heard list A. In addition to list A, four of the six conditions also heard list B. The other two conditions had a puzzle to work on for five minutes rather than listening to list B.
For the first condition (list A = verbal / list B = verbal)the researcher instructed the participants to try to remember list A by repeating the words as many times as they could to themselves before the next word was given. Consider this verbal encoding. After all of the words were given the participants had three minutes to write down as many words as they could remember. After the three minutes the researcher instructed the participants to put their answer sheet into the manila folder. The researcher then passed out another lined answer sheet that had the number two printed on the bottom right. The participants were instructed to rehearse the words from the upcoming list in the same manner as they did with the first list. After all of the words had been given they were allowed three minutes to recall as many words as possible. After the three minutes the researcher instructed the participants to put their answer sheet into the manila folder just like they had done before. The researcher then passed out another answer sheet with the number three printed on the bottom. The participants were instructed to recall as many words as they could from the first list. After three minutes, the participants were instructed to put their answer sheet in the folder. The participants were then debriefed and were free to leave.
The second condition (visual/visual) was exactly the same as the first, however, instead of instructing the participants to repeat the word as many times as they could to themselves they were instructed to visualize the word in a way that stands out to them. Consider this visual encoding. For example, if the word is purple the researcher told them to imagine themselves being painted purple. This was done for both lists. The first condition encoded two different lists verbally whereas the second condition encoded two different lists visually.
The next two conditions (condition 3 = verbal/visual; condition 4 = visual/verbal) were conducted in the same manner as the first two but this time the participants alternated their encoding method from one list to the next. To explain this further, the third condition involved verbal encoding of list A and visual encoding of list B. The distribution of numbered answer sheets and the amount of recall time stayed constant between each group and condition. The fourth condition involved visual encoding of list A and verbal encoding of list B.
The final two conditions had no interference list (condition 5 = verbal/filler; condition 6 = visual/filler). These conditions are considered controls in order to investigate retention with nothing interfering with their memory. The fifth condition involved verbal encoding of list A. After the participants recalled words from list A, they were given a filler activity to work on for five minutes. The filler activity was Tangram shapes that when aligned in the correct pattern make a square. After the five minutes passed, the researcher passed out an answer sheet with the number three printed on the bottom right. Note that answer sheet number two was not used in the fifth and sixth conditions because there was no list B. The participants were given two minutes to once again recall as many words as they could from the list that they heard (list A) before they played with the Tangram shapes. The sixth condition was the same as the fifth, but the participants were instructed to encode list A visually instead of verbally. Appendix B displays the condition chart for both experiments.
3) Results
The initial analysis involved treating the retention percentages of list A (number correctly recalled on answer sheet three divided by the number correctly recalled on answer sheet one multiplied by 100) as the dependent variable and the treatment condition as the independent variable. Table 1 displays the means and standard deviations for retention in terms of condition. The overall retention difference between the lowest retentions rate (condition 1= verbal/verbal) and highest retention rate (condition 6 = visual/filler) was 35 percent.
A one-way Analysis of Variance, was used to assess retention in terms of condition, F(5) = 10.43, p<.001.The post hoc (Tukey) indicated that the statistically significant differences occurred between the visual/filler condition and the visual/visual condition, p = .001. The visual/filler condition retained more words from list A than the visual/visual condition while the visual/filler condition did retain more than the visual/verbal condition, it was not found to be statistically significant. Also, the visual/verbal condition retained 15% more words than the visual/visual condition, but was not significant at the .05 level, p = .065. The verbal conditions were similar to the visual conditions, except that their mean retention percentages were slightly lower. The verbal/filler condition retained 32% more words than the verbal/verbal condition, which was significant at the .05 alpha level. The participants in the verbal/filler condition retained more words than the participants in the verbal/visual condition but this was found to be not significant, p = .087. Participants in the verbal/visual condition retained 15% more words than participants in the verbal/verbal condition, but also was not statistically significant at the .05 alpha level, p = .104. What did stay constant was the close percentages between the verbal/verbal and visual/visual condition (10% difference), the verbal/visual and the visual/verbal condition (10%), and finally between the verbal/filler and visual/filler conditions (2.5%). Overall, recall was highest when list A was visually encoded.
The results of the initial ANOVA indicate minimal differences between conditions that encoded list in similar manners (encoding the same for both lists, conditions 1 and 2; encoding each list differently, conditions 3 and 4; no interference list, conditions 5 and 6). Three t tests confirmed that there were non-statistically significant differences between the three previously mentioned encoding series. The six conditions were then combined into three conditions (same encoding for both lists, different encoding for each list and no interference list) to assess the overall research question of, does encoding lists in different ways reduce RI? Table 2 displays the means and standard deviations for retention in terms of the three conditions. A one-way Analysis of Variance indicated that retention rates differ in terms of encoding condition, F(2) = 21.69, p<.001. The post hoc (Tukey) tests indicated that there were statistically significant differences between all conditions.
(1)The Gain Score Debate Gain scores can be seen as unreliable because of their lack of power (Knapp & Schafer, 2009 ) and because of the variability associated with the pretest scores (Gupta, Srivastava, & Sharma, 1988) . On the other hand, both gain score analysis and ANCOVA are appropriate for different research questions, but ANCOVA should only be used with randomized controlled trials (Ftizmaurice, Laird, & Ware, 2004) . ANCOVA is the most powerful option because it accounts for pretest variance (Cook & Campbell, 1979 ), yet the assumptions are rarely completely met; therefore, hierarchical regression should be used instead (Morgan, Gliner, & Harmon, 2006) . Gain scores were initially used followed by ANCOVA, and hierarchical regression.
In order to assess the effect of the encoding series on post test retention scores, while controlling for the variance associated from pretest scores, an analysis of covariance was used. The major assumptions were checked and the only violation was with the within group variances. Sample sizes were fairly equal, therefore, the ANCOVA remains robust against this violation. Table 3 presents the means and standard deviations for the three conditions on post test scores before and after controlling for pre test scores. Results indicate that after controlling for the pre test scores (list A first recall) there was a significant difference between the three conditions (same encoding for both lists, different encoding for each list, no interference list), F (2, 89) = 23.37, p< .001, partial eta 2 = .34. Table 4 displays the ANCOVA table that shows even though there was a significant amount of explained variance associated with the pretest score there were still statistically significant different between the two conditions on post test score.
The assumptions for analysis of covariance were met for the most part but because of concerns in the literature hierarchical regression was used to investigate the effect of experimental condition on posttest score when controlling for the pretest score (Morgan et al., 2006) . The assumptions of linearity, normally distributed, and uncorrelated errors were checked and met. Table 5 displays that when the pretest was entered alone it significantly predicted posttest score F (1, 91) = 171.41, p < .001, adjusted R 2 = .65. When condition (effects coded) was entered at the second level, it significantly improved the prediction, R 2 change = .12, F (3, 89) = 100.81, p < .001. The interaction terms (condition by pretest) were entered at the third level, but the R 2 change = .003, was not statistically significant.
Results from the analysis of covariance and the hierarchical regression produced similar results. The ANCOVA is more straightforward than hierarchical regression but does not include possible interaction terns in the model. Both the ANCOVA and hierarchical regression appear to be more appropriate than using the gain score as the dependent variable because with ANCOVA the pretest differences are held constant.
Experiment Two
1) Participants
The participants for experiment two were 11 volunteers who identified as undergraduate or graduate students. None of the participants in experiment two were part of experiment one. Each participant was randomly assigned to one of two conditions. The participants completed the study individually.
2) Procedure
Each participant was randomly assigned to one of two conditions (visual/visual, or visual/verbal) . These two conditions were similar to conditions two and four from experiment one. The study process and the word lists were the same as outlined in experiment one.
The first condition, visual/visual contained two lists that were visually encoded. Visually encoding for experiment two involved the items being shown as pictures on a projection screen rather than imagining the word in a unique way. For the second the visual/verbal condition, the researcher informed the participants they were going to see a series of pictures and they were to try and remember as many as they could. The second list was to be encoded verbally so the participants were instructed to repeat the words to themselves as many times as they could before the next word was read. After recalling list B, all participants recalled words from list A.
The purpose of experiment two was to keep the visual conditions true to visual encoding. There were no verbal prompts when encoding visually as there were with experiment one (researcher reading the list aloud and having participants visualize the word). The hypothesis remained the same as in experiment one. Encoding lists in different ways will lead to less RI than encoding the two lists in the same manner.
3) Results
An independent samples t test was computed to assess the differences in retention percentage between the visual/visual encoding condition (M = 64.08, SD = 7.99) and the visual/verbal encoding condition (M = 84.95, SD = 14.91). The retention difference was 21% which was statistically significant, t(9) = 2.98, d = 1.82. Keep in mind that the n for experiment two was small, yet there were some slight differences in terms of recall percentages between the two experiments. For instance, participants in the visual/visual condition (experiment one) recalled about 5% more words on final recall than participants in the same condition within experiment two. This difference could be an artifact due to sample size differences or participant perceptual visual encoding (experiment 1) is different than visual encoding based on actual images.
In order to assess the effect of the condition onpost test retention scores while controlling for the variance associated from pretest scores an analysis of covariance was used. The major assumptions for this analysis were checked and met. Table 7 shows the ANCOVA table which demonstrates that even though there was a significant amount of explained variance associated with the pretest score there was still a statistically significant different between the two conditions on post test score. As was the case with experiment one, encoding lists in different ways produces less RI than encoding two lists in the same way.
Discussion
The results of the two experiments support the hypotheses that encoding two lists in different ways reduces retroactive interference. It is more important to illustrate how to reduce RI when you consistently participate in memory activities. Encoding two lists in different ways increased retention of list A compared to encoding both lists the same way. Previous research demonstrated that RI can be significantly reduced by cuing the participants about something unique from one of the lists. The two experiments discussed in this paper did not use any type of cuing. Encoding lists in different ways (visual and verbal), rather than cuing, creates less interference upon recall then lists encoded in the same manner.
Statistically the results were consistent across multiple analysis methods (retention score as the dependent variable in ANOVA, ANCOVA, hierarchical regression, and repeated measures ANOVA -not reported in this paper). Controlling for pretest variability appears to be more appropriate than using the retention score. In terms of ease of interpretation and reporting, the ANCOVA is most useful.
Reducing retroactive interference in a classroom may be as simple as differentiating instruction styles. Retention is related to how the information is digested or encoded. The participants in the two experiments were randomly assigned to condition; therefore, ranges in learning styles were most likely equivalent between all groups. If learning styles and other moderating variables were successfully held constant by the research design then the increased retention percentages for certain participants can be explained by the treatment.
Learning styles are less important when instructional approaches and ways of encoding are diverse. Future research should investigate reducing retroactive interference at the classroom level. It is certainly recognized by the research team that it is difficult to assign students to different conditions within schools, however it is be possible to introduce novel ways of teaching to enhance student retention of newly learned content. 
